The aim of the study was to determine possible DNA damage in floriculturists chronically exposed to pesticides. Leukocytes from 52 workers, 46 environmentally exposed, and 38 control individuals were evaluated with the comet assay. Serum from all individuals was also analyzed for pesticides using gas chromatography coupled to mass spectrometry. A statistically significant difference in DNA fragmentation in the pesticide exposed group compared to the other two groups (P < .001) was found. No differences between environmentally exposed and control individuals were detected. The statistical analysis showed no significant correlation between DNA damage and sex, age, drinking or smoking habits, as well as years of exposure. One or more pesticides were detected in 50% of the floriculturists, while in the rest of the individuals, a chemical related with the preparation of pesticides, such as additives, plasticizers, or solvents, was found. Our study shows that chronic exposure to pesticides produces DNA damage in floriculturists. It also suggests that this type of monitoring could be valuable in recommending preventive measures.
INTRODUCTION
Man is exposed to a great deal of environmental harm that may affect the functioning of specific biomolecules and thereby damage health at various levels. On the other hand, DNA alterations are known to be indicators of early damage in the affected organisms; consequently, identifying the genotoxic potential of xenobiotics has been an effective and beneficial strategy for risk assessment [1] . However, the adoption of preventive measures is probably more difficult regarding chemicals such as pesticides which are strongly related with a number of human activities as agriculture, aquaculture, or several household tasks. Likewise, the diversity of commercial products makes it easy to exchange one for another or to mix them so as to increase their efficacy.
Most experimental studies on the genotoxic potential of pesticides have been made with a single compound. Although the results have varied, more positive data have been published regarding chemicals that have been evaluated with a variety of test models ranging from bacteria to human cells, using genic and cytogenetic endpoints [2, 3] . Controversial data on a single compound make it more difficult to reach a conclusion on the genotoxicity of the pesticide; for example, Debuyst and Van Larekebe [4] reported an increase in the rate of sister chromatid exchanges (SCEs) induced by methomyl in human leukocytes while Bonatti et al [5] found the opposite result with the same compound.
Studies made in human populations exposed to pesticides have also revealed conflicting results. In the case of floriculturists in particular, approximately 12 studies have been reported, most of which presented positive results when the rate of chromosomal aberrations, SCE or micronuclei was evaluated [6, 7] , while two studies showed negative data [6, 8] . As regards the use of the single cell electrophoresis (comet assay), a study made on Greek farmers working with ornamental plants as well as vegetables indicated no statistically significant differences in the DNA damage between the examined groups [9] .
The previous data suggest that intrinsic and extrinsic factors could be involved in the effect of pesticides on the genetic material, and thus support the relevance of monitoring specific populations to determine the potential genotoxic damage produced by these chemicals. The aim of this investigation was, therefore, to determine whether Mexican 2 Journal of Biomedicine and Biotechnology floriculturists exposed to mixtures of pesticides for several years showed alterations in their DNA integrity, measuring this with the comet assay. This method mainly reveals single or double DNA strand breaks and alkali-labile sites, and has been successfully used in populations exposed to various xenobiotics [10] . We considered that results obtained with this assay could be helpful in providing advice concerning the application of preventive measures. An additional step was the analytical determination of a number of pesticides in the serum of the studied populations.
MATERIALS AND METHODS

Characteristics of the studied population
The study was made on residents of Santa Maria Aransazú, a village of 3000 people located 100 km south of Mexico city, where more than 50% of the population works in floriculture activities. Their production includes at least 13 different kinds of flowers, such as roses, chrysanthemums, carnations, gladioluses, nards, daisies, and lilies.
A questionnaire was applied to the participants in the study to determine personal data and habits, as well as their health and work status. A hematological test was also applied to the participants to verify that they were clinically healthy and that they had taken no medication for at least two months before the time of sampling. An informed consent was also obtained from each participant, as well as the approval of the Board of the Medico-Biological Program, National Polytechnic Institute, and of the Board of Research, University of the State of Mexico. The investigation was made on 52 floriculturists (most of them males) with a mean age of 27 years, who had been working for at least two years (range from 2 to 48 years) preparing the mixtures of pesticides and spraying them in the greenhouses, two or three times a week. The pertinent data of the groups studied are indicated in Table 1 . The floriculturists were exposed to mixtures of chemicals which belong to organochlorates, organophosphates, piretroides, and carbamates. The protective devices and clothing used by the workers included gloves, masks, boots, and overalls: 3.8% of the individuals wore all four pieces, 9.6% wore three of them, 19.2% wore two, and 25% wore only one of them, usually gloves or boots. Another group of 46 individuals who had been environmentally exposed was included in the study. This second group was constituted by vendors of the local market who live in the village but did not handle pesticides. Finally, the control population consisted of 38 persons that were students and administrative employees of a nearby university.
CHEMICALS AND BLOOD SAMPLING
The following chemicals were purchased from Sigma Chemicals (St Louis, Mo, USA): dimethyl sulfoxide (DMSO), triton X-100, EDTA, normal melting point agarose (NMPA), low melting point agarose (LMPA), ethidium bromide, trizma base, and PBS. Methanol and ethyl acetate (HPLC grade) were obtained from Honeywell International Inc (Muskegon, Mich, USA).
Blood samples (6 mL) were taken from each of five individuals from each group, every Tuesday morning (7-8 AM). One mL was placed in a coated heparinized tube and transported on ice to the laboratory to be processed with the comet assay within 1 h. The serum of the other 5 mL was immediately frozen at −70
• C until time for the pesticide to be identified (within a month). For the data analysis, the slides and serum samples were codified; decodification was done after the genotoxic and chromatographic determinations had been made by one investigator and reviewed by another.
Comet assay
The alkaline comet procedure was performed as previously described [11, 12] . Briefly, fully frosted slides were layered with NMPA and dried; then, 100 µL of LMPA were mixed with 50 µL of whole blood and applied as a second layer onto the precoated slides; finally, a third layer of LMPA was added on top. The slides were placed in freshly prepared lysing solution for 24 h at 4
• C to leave the DNA uncovered. The solution consisted of NaCL 2.5 M, EDTA 100 mM, trizma base 10 mM (pH 10), 1% triton X-100, and 10% DMSO. Next, the slides were immersed in alkaline buffer (NaOH 300 mM and EDTA 1 mM, pH > 13) for 30 min, to allow the unwinding of DNA. Electrophoresis was conducted for 20 min at 25 V (0.66 V/cm) and 30 mA at the same pH. The slides were then placed in neutralizing buffer (pH 7.5) three times each for 5 min, and dried at room temperature. Finally, the slides were stained with 50 µL of ethidium bromide for 1 min. The stained nucleoids were examined at 40X in an epifluorescent microscope (Axiophot-1 Zeiss) with a digital camera (ZWS-47DE), adapted to software for the capture, processing, and image analysis (Zeiss KS400 version 3.01). One hundred nucleoids per individual were observed to determine the lengthto-width index (T/N index), which was obtained by measuring the image length and dividing the result by the head diameter. We also determined the percentage of cells with DNA migration verses the percentage of those without migration in 100 cells per individual. The latter type corresponded to cells with intact nuclei and no DNA displacement.
The Kruskall-Wallis and Dunn tests were used to evaluate the statistical significance of the difference in the medians of the T/N index obtained for the exposed and control groups, as well as of the difference in the percentage of cells with DNA migration among the three groups. A linear regression analysis was also made to determine the correlation between the T/N values and the percentage of cells with DNA migration. Moreover, we determined the intercelular dispersion of the comet values in the groups studied by calculating the dispersion coefficient (H) [13] .
Also, the correlation between the comet data, and the age and work years was evaluated by applying a Pearson's correlation test. Differences were considered significant when the P value was .05 or less (two-tailed). The statistical analyses were carried out using the Sigma Stat 2.03 statistical package.
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Chromatographic assay
For the chromatographic assay, we selected seven pesticides used by the workers, to determine the presence of these chemicals or of their residues: methomyl, methamidophos, monocrotophos, carbofuram, maneb, lindane, and methyl paration. The effectiveness of the procedure to extract and identify the chemicals in serum was initially determined for each pesticide separately, and then, the process was established for the mixture. For the assay, we followed the method of Lacassie et al [15] . Briefly, 2 ml of the serum samples were placed on an Oasis hydrophilic-lipophilic balanced copolimer cartridge (Waters, Guyacourt, France) previously treated with methanol and deionized water. The samples were washed with deionized water at vacuum, centrifuged at 4000 rpm for 3 min, eluted with 3 mL of ethyl acetate, and evaporated in a nitrogen atmosphere at 40
• C. The residue was diluted with 100 µL of ethyl acetate, and 1 µL of this solution was injected to a gas chromatograph (Varian 3400) coupled to a mass spectrometer (Saturno II). The chromatograph was equipped with a Restek RTX-5 MS column (internal diameter 30 m × 0.25 mm; phase, 0.1 µm) (Supelco, St Quentin-Fallavier, France). The apparatus was programmed for an initial temperature of 60
• C, rising to 300
• C at the rate of 10
• C/min. Helium was used as the carrier gas with a flow rate of 1 mL/min. The mass spectrometer was adjusted to 40-500 m/z interval of reading, with a 4 min of inhibited detection, using an electronic impact (70 eV). A chromatogram was obtained from each sample, and each compound was identified by means of the NIST 98 electronic library of the equipment, which keeps 62000 mass spectra. Figure 1 shows a box-plot representation of the T/N index in leukocytes of the controls and exposed individuals. The height of the box represents the interquartile range, that is, the range of values that excludes 25% of the uppermost and lowest values of the distribution. A T/N median value of 1.29 was observed in the control individuals and one of 1.40 in the environmentally exposed group, showing no statistical difference between the two groups. However, the pesticide exposed workers, with a median T/N index of 1.67, had statistically significant DNA damage in comparison with the level found in the other two groups (H = 20.81, P < .001). The DNA damage determined in the floriculturists was 16.11% higher than that found in the vendors, and 22.9% higher with respect to the control group. Moreover, our results showed that the floriculturists had values of the T/N index 76% higher than 1.5, while the vendors and the control individuals had values 21% and 24% higher, respectively. A detailed description of individual data is shown in Table 2 . It is pertinent to note that the determined DNA damage may indicate the effect mainly on lymphocytes, which are long-lived cells with high sensitivity to chemical agents, and may accumulate DNA damage and mutations over time [16, 17] , to a lesser extent such damage may suggest an effect on granulocytes, which are short-lived cells that possess antioxidant enzymes [17] .
RESULTS
The results obtained with respect to the percentage of damaged cells agree with the previous determination: we found a significant difference between the value detected in the floriculturists and that obtained in the other two groups (H = 23.70, P < .001). Moreover, both types of evaluations were congruent showing a correlation coefficient (r) of 0.96, 0.93, and 0.91 in the control group, the vendors, and the floriculturists, respectively (Figure 2) . The results obtained for the dispersion coefficient were 0.174, 0.062, and 0.184, for the control individuals, vendors, and floriculturists. The analysis with the Mann-Whitney test showed a statistical difference in the group of vendors with respect to the other two groups. This means there was heterogeneous intercellular dispersion in the control and in the workers, as well as lower dispersion in the vendors. Figure 2 also shows that comet values for the vendors are somewhat less dispersed than those observed for the other groups. With respect to the comet data, we found that the control group had a low number of cells with intercellular dispersion and a low number of cells with slight DNA displacement. However, in the floriculturists the number of cells with intercellular dispersion was high, and with respect to the control group, the number of cells with DNA displacement was higher and the DNA displacement was greater.
The effect of variables, such as sex and age, as well as smoking and drinking habits and the exposure years, was evaluated in the three groups with respect to the comet values. Except for the smoking and drinking practice in the vendors, we found no relationship of the variables in any of the groups, as the results in Table 3 show. The data on drinking in the vendors could reveal an influence in the increase of DNA damage found with respect to the level observed in the control group, the information on smoking may be irrelevant because of the small number of smokers in the vendors group. However, this conclusion should be considered carefully in light of the heterogeneous matching of the demographic characteristics in the studied individuals. With respect to the use of protective devices and clothing, no correlation was detected with the comet values.
In the chromatographic determination, we found no pesticides or related chemicals in either the vendors or the control groups. However, chromatograms of 50% of the floriculturists indicated the presence of one or more pesticides, or their residues. Table 4 shows that most of the compounds identified were insecticides and fungicides. Moreover, in these same individuals as well as in the other 50% of this group, we found the presence of dimethyl phthalate, bis (2-ethylhexil) phthalate, and dibutyl phthalate, chemicals that are used in the composition of pesticides. Besides these, we also determined xylene, cyclohexanone, and acetic acid, 2-ethylhexilester, which are additives used in pesticide formulation [18] . Other pesticides reported by the workers were chemicals such as benomyl and methomyl, however, these were not detected in our analysis. Our findings related with the presence in individuals of various chemicals used in the formulation of pesticides suggest that the undetected pesticides could have been degraded or eliminated at the sampling time, an assumption in agreement with the known fact that carbamic and organophosphate compounds undergo rapid biochemical degradation [1] .
DISCUSSION
Exposure to pesticides has been related with various types of cancer, particularly those associated with immunity weakening, such as leukemia, Hodgkin lymphoma, and stomach and prostate malignancies [6, 19] . A number of studies have shown that these diseases originate mainly from an accumulation of mutations. On the other hand, it is known that pesticide exposure may cause DNA and chromosome damage. For this reason and because pesticides are also used in various combinations, researchers in different countries have carried out the search for genotoxic alterations in populations that produce or use this type of chemicals. Results obtained in the present study as well as others reported thus far, regarding the effect produced by mixtures of pesticides, indicate that, in specific situations, floriculturists exposed to this type of chemicals exhibit increased levels of genotoxic damage. Although the biological significance of a median difference of 0.27 units between the vendors and the workers is not known, increases in genotoxic damage have been considered a primary factor in long-term effects, such as inflammatory disorders, carcinogenic alterations and reproductive toxicology [6, 20] . However, genetic susceptibility and a number of environmental factors seem to modulate the level of risk, as reports with negative results suggest even when the comet assay was used. Concerning pesticide exposure of flower and vegetable cultivators, the negative result reported by Piperakis et al [9] , in contrast to ours, could be related with a shorter exposure time, differences in cell processing for the comet assay, and/or better protective measures in their population. The controversial data on the genotoxic effect induced by pesticides may reflect a number of underlying differences among the populations studied, such as the test applied, the extent of exposure, the compounds involved, as well as the type and quality of the protective equipment, among others. When individuals are exposed to mixtures, it is difficult to predict the final genotoxic effect because of the interaction that could occur among the involved agents, potentiating or antagonizing the effect, besides other reasons. For example, a higher percentage of micronuclei were observed in a subgroup of subjects using benzimidazolic compounds, compared with the micronuclei determined in individuals exposed to a complex pesticide mixture that did not include benzimidazolics [21] . However, it is interesting to note that all the pesticides that constitute the mixtures used by the floriculturists in our study have given positive results in genotoxic assays. This has been demonstrated in microorganisms and plants, insects, fishes, mice, and human cells, which were evaluated by quantifying the rate of numerical or structural chromosomal aberrations, micronuclei, SCE, or DNA breaking [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . It is known that some personal characteristics and habits, mainly age, sex, or smoking, may modulate the genotoxic effect of xenobiotics, nevertheless, in the case of pesticides a conclusion is not possible as yet, because two types of results have been observed: absence of effect, or a positive correlation with respect to one or more variables [37, 38] . In the floriculturists of the present study, we found no correlation of several extrinsic variables with respect to the comet results, suggesting that the observed DNA alterations were mainly due to the effect of the pesticides. However, a pertinent observation is the low proportion of workers wearing appropriate protective devices and clothing.
With respect to the chemicals used, it is important to note that some of these have been banned in various countries because of their high toxicity. This is the case, for example, of monocrothophos and metamidophos [39, 40] , whereas in developing countries such a prohibition process is limited because of administrative failings and the economic interests of producers who export large amounts of chemicals [19] . Finally, this type of studies can be valuable in evaluating the quality of protective measures and the possibility of substituting one or more of the applied compounds. Moreover, it has been reported that individuals working for at least six months under low levels of contamination and with appropriate protective measures could have an important reduction in their genotoxic level [41] . 
